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$\mathrm{O}(2)$ 1:2 60 ,
3
$\dot{z}_{1}=\sigma_{1}z_{1}+\beta_{1}\overline{z}_{1}Z2+\lambda 11|z_{1}|^{2}z_{1}+\lambda_{21}|_{Z}.2|2_{Z_{1}}$ ,
$\mathit{2}_{2}$ $=\sigma_{2}z_{2}+\beta_{2}Z^{2}+1\lambda_{1}2|Z_{1}|^{2}z_{2}+\lambda_{22}|_{Z}2|2_{Z_{2}}$ . (1)
80 . [3, 10, 1]
(1)
1. pure mode: $z_{1}=0$ , $z_{2}\neq 0$
2. mixed mode: $|z_{1}|\cdot|z_{2}|\neq 0$ , $a\mathrm{r}\mathrm{g}z_{2}-2\arg Z_{1}=n\pi$ .
3. traveling wave: $|z_{1}|\cdot|z_{2}|\neq 0$ , $\arg z_{2}-2\arg Z_{1}\neq n\pi$ .
, standing wave, homoclinic orbit
. ,
. [8, 9, 6] , 1 ,
1:2 2 (planform) .
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2 2 Rayleigh-Benard
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, 1:2 , (1)
. [10] , 2 ,
planform .
$(x, y)$ , $z$ . $z=0$ $d/D$ 2
, $z=d$
. , $D$ 2 . 1, 2 ,
.
$[P_{jj}^{-1}C\partial t-\nabla^{2}](\hat{v}_{j}x-\hat{u}_{jy})=-\partial_{x}(\hat{\mathrm{v}}_{j}\cdot\nabla)\hat{u}_{j}+\partial_{y}(\hat{\mathrm{v}}_{j} . \nabla)\hat{v}_{j}$ ,
$P_{j}^{-1}C_{j}\partial_{tj}\nabla 2\hat{w}-\nabla 4R_{j}\hat{w}j+Kj\nabla^{2}2\hat{\tau}j=-[\nabla_{2}2(_{\hat{\mathrm{V}}}j.\nabla)\hat{w}_{j}-\partial_{x}z(\hat{\mathrm{v}}_{j}\cdot\nabla)\hat{u}j-\partial z(y\hat{\mathrm{v}}j.\nabla)\hat{v}_{j}]$ ,
$C_{j}\partial_{tj}\hat{\tau}-\hat{w}j-\nabla\hat{\tau}_{j}=-(\hat{\mathrm{V}}_{j} . \nabla)\hat{T}_{j}$ ,
$\nabla\cdot\hat{\mathrm{v}}_{j}=0$ . (2)
8 : $C_{1}=1,$ $C_{2}=\kappa_{1}/\kappa_{2},$ $P_{j}$
Prandtl , $R_{j}$ Rayleigh , $K_{1}=1,$ $K_{2}=D^{4}$ .
:
$\hat{\mathrm{v}}_{j}=d\hat{w}_{j}/dz=0$ at $z=0,1$ , and $1+D^{-1}$ ,
$\hat{T}_{j}=0$ at $z=0$ and $1+D^{-1}$ ,
$\hat{T}_{1}=G\hat{T}_{2}$ and $C_{2}d\hat{T}_{1}/dz=Gd\hat{T}_{2}/dz$ at $z=1$ , (3)
$G=D^{4}R_{22}\kappa\nu_{2}\alpha_{1}/R_{1}\kappa_{1^{\mathcal{U}}1}\alpha_{2}$ , , $\alpha_{j}$ .
3
6 ,
$\mathrm{e}^{\pm i\gamma x}$ , $\mathrm{e}^{\pm i\gamma(\frac{-1}{2}x})+\frac{\sqrt{3}}{2}y$ , $\mathrm{e}^{\pm i\gamma(\frac{\sqrt{3}}{2}y)}-\frac{1}{2}x-$ ,
$\mathrm{e}^{\pm 2i\gamma x}$ , $\mathrm{e}^{\pm 2i\gamma(\frac{-1}{2}x})+\frac{\sqrt{3}}{2}y$ , $\mathrm{e}^{\pm 2i\gamma(\frac{1}{2}x}--\frac{\sqrt{3}}{2}y)$ (4)
$X_{1},$ $X_{2},$ $x3,$ $y1,$ $y2,$ $y_{3}$ .
, 3
$\dot{x}_{1}=\sigma_{1}x_{1}+\delta_{1}\overline{x}2\overline{x}_{3}+\beta_{1}\overline{x}1y1+[\kappa 11|X1|2+\kappa 12(|X_{2}|^{2}+|x_{3}|^{2})]X_{1}$
$+[\mu_{11}|y_{1}|2+\mu 12(|y2|2+|y_{3}|2)]x_{1}+l\text{ }1\overline{x}1\overline{y}2\overline{y}\mathrm{s}+\xi_{1^{X}}2^{X_{3y1}}+\eta 1(\overline{x}_{2}x_{3\overline{y}_{3}3}+X_{2}\overline{x}\overline{y}_{2})$ ,
12
$\dot{y}_{1}=\sigma 2y1+\delta_{2\overline{y}\overline{y}_{3}}2+\beta_{2}x^{2}1+[\kappa_{21}|X1|2+\kappa 22(|x2|^{2}+|_{X|^{2})}3]y1$
$+[\mu 21|y_{1}|2+\mu 22(|y2|2+|y_{3}|2)]y_{1}.+\nu 2x1\overline{x}2^{\overline{X}}3+\xi 2(\overline{x}_{3}\overline{y}_{2}+\overline{x}_{2}\overline{y}3)22$ (5)
. (5) , Fujimura
. [5]
, Proctor &Jones Table 1 $P_{1}=P_{2}=1,$ $R_{1}=$ 14018,
$r=$ 1.0607, $\gamma=2.9150,$ $D=2.0977$
. $G=1,$ $C_{2}=1$ (5) .
$\beta_{1}$ -1.007878 $\beta_{2}$ $9.409176\cross 10^{1}$























2 Rayleigh-B\’enard . (
,
(5) – ) , ,
(2) , (5) 2 $\delta_{1}$
$\delta_{2}$ $0$ . $x_{n}=r_{n}\mathrm{e}i\theta_{n}^{x},$ $y_{n}=z_{n}\mathrm{e}i\theta_{n}^{y}$ .
1. pure mode : $x_{n}=0$ for $n=1,2,3$ pure mode .
, , ,
6 .
(a) roll (R) : $y_{1}\neq 0,$ $y_{2}=y_{3}=0$ .
(b) hexagon (H) : $y_{1}=y_{2}=\pm y_{3}\neq 0$ .
(c) patchwork quilt $(\mathrm{P}\mathrm{Q})$ : $y_{1}=y_{2}\neq 0,$ $y_{3}=0$ .
2. mixed mode: $\Sigma|x_{n}|\neq 0,$ $\Sigma|y_{n}|\neq 0$ mixed mode .
, 1:2 .
(a) mixed roll (M) : $r_{1}z_{1}\neq 0,$ $r_{232}=r=z=Z_{3}=0,$ $\theta_{1^{-}}^{y}2\theta^{x}=n\pi 1$ .
$\mathrm{O}(2)$ 1:2 mixed mode – .
13
$\mathrm{u}$ $\cup.\supset$ 1 $1.\supset$
Figure 1: 2 Rayleigh-B\’enard
(b) traveling wave $(\mathrm{T}\mathrm{W}):r_{1}Z_{1}\neq 0,$ $r_{2}=r_{3}=z_{2}=z_{3}=0,$ $\theta_{11}^{y}-2\theta^{x}\neq n\pi$ .
$\mathrm{O}(2)$ 1:2 traveling wave
.
(c) mixed hexagon $(\mathrm{M}\mathrm{H}):r_{1}=r_{2}=r_{3}\neq 0,$ $z_{1}=z_{2}=z_{3}\neq 0$ .
(d) mixed rectangle (MRA) : $x_{n},$ $y_{n}\in \mathrm{R},$ $x_{1}=x_{2}\neq x_{3},$ $y_{1}=y_{2}\neq y_{3}$ . –
, pure mode mixed patchwork quilt
, ,
mixed patchwork quilt .
(e) rectangular roll (RAR): $x_{n},$ $y_{n}\in \mathrm{R}x_{1}=x_{2}=0,$ $x_{3}\neq 0,$ $y_{1}=y_{2}\neq y_{3}$ .
(f) steady asymmetric mode (SA) : $x_{n},$ $y_{n}\in \mathrm{R},$ $x_{1}\neq 0,$ $x_{2}=x_{3}=0$ ,
$y_{1}\neq y_{2}\neq y_{3}$ .
(g) oscillatory asymmetric mode $(\mathrm{O}\mathrm{A})$ . $x_{n},$ $y_{n}\in \mathrm{C},$ $r_{1}\neq r_{2}\neq r_{3},$ $z_{1}\neq z_{2}\neq$
$z_{3},$ $\theta_{1^{-}}^{y}2\theta^{x}\neq 1n\pi,$ $\theta_{2}^{y}-2\theta_{2}^{x}\neq n\pi,$
$\theta_{3}^{y}-2\theta_{3}^{x}\neq n\pi,$ $\theta_{1}^{x}+\theta_{2}x+\theta^{x}3\neq n\pi$ ,
$\theta_{1^{+\theta_{2}}}^{yyy}+\theta 3\neq n\pi$ .
(5) 1:2 ,
$\sigma_{1}$ $\sigma_{2}$ . ,
14
Rayleigh $D$





, Fig.1 , pure mode – mixed hexagon
– , traveling wave – .
. Runge-Kutta (5) ,
, Proctor &Jones noisily periodic
orbit, , mixed rectangle
. , $\mathrm{O}(2)$ (1) mixed
mode , 6 .
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